Abstract -The objective of this work was to evaluate the effect of shoot heading and of hand thinning in different development stages of flowers and fruits on the fruit production and quality of 'BRS Kampai' peach (Prunus persica) trees. The experiment was performed during three crop years, under the conditions of the "Depressão Central" region in the state of Rio Grande do Sul, Brazil, and the treatments were: T1, heading of half of the mixed shoot; T2, heading of one third of the mixed shoot; T3, flower thinning in the pink bud stage; T4, thinning at full bloom; T5, thinning of fruit with 5 mm; T6, thinning of fruit with 20 mm; and T7, no thinning or heading (control). Fruit production and quality were evaluated. Plants with no thinning were more productive, but showed high frequency of fruits with a diameter smaller than 60 mm. Shoot heading reduced production per tree and resulted in small-sized fruit. Thinning time did not affect production, and fruit size was greater when thinning was performed at the bloom stage. 'BRS Kampai' peach trees can be thinned starting at bloom, which provides greater fruit size, with no production loss.
Introduction
In Brazil, the state of Rio Grande do Sul is the largest producer of peaches [Prunus persica (L.) Batsch], with 13,000 hectares of harvested area and about 128,000 tons of fruits destined for the canning industry and the fresh market (Produção…, 2014) .
For the fresh market, peach fruit quality is extremely important for a successful commercialization, because size, color, and absence of defects are the main criteria used by consumers while buying fruits (Trevisan et al., 2010) . Small fruit size stands out as the characteristic that causes the greatest reductions in the selling prices of peaches -35 and 39% in the wholesale and retail markets, respectively (Lima et al., 2009) .
The peach tree, under favorable conditions, shows a fruit set larger than necessary to assure an adequate commercial production. For this reason, the thinning of fruits and flowers is a cultural practice often adopted in all production regions, aiming to increase fruit size and quality, enhancing its value at harvest (Osborne & Robinson, 2008; Turk et al., 2014) .
In peaches, thinning is mostly done by hand, through the removal of fruit with 20 mm of diameter, about 40
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to 50 days after full bloom (DAFB). However, thinning has a greater impact on fruit size when it is performed before or during the full bloom stage, rather than at 40 to 50 DAFB, due to a better nutritional balance among sink tissues from the beginning of the growth stage onwards, increasing the frequency of fruits larger than 60 mm in diameter (Myers et al., 2002; Byers et al., 2003; Szot, 2010) . Thinning is a delicate operation that demands high labor. A common alternative practice among the peach farmers in the state of Rio Grande do Sul is shortening bearing shoots, not thinning them, in order to reduce the number of fruits per plant. Although early thinning and shoot heading seem beneficial, there are no known researches comparing their effects from the bloom period to fruit thinning time, in the conditions of Southern Brazil.
The objective of this work was to evaluate the effect of shoot heading and of hand thinning in different development stages of flowers and fruits on the fruit production and quality of 'BRS Kampai' peach trees.
Materials and Methods
The experiment was conducted in the 2013, 2014, and 2015 crop years in an experimental orchard of the agricultural experimental station of Universidade Federal do Rio Grande do Sul, located in the "Depressão Central" region of the municipality of Eldorado do Sul, in the state of Rio Grande do Sul, Brazil (30°06'33"S, 51°40'14"W). The soil prevailing in the region is an Argissolo Vermelho distrófico típico (Sistema..., 1999), i.e., a Rhodic Ultisol. The climate is the fundamental type Cfa, according to Köppen's classification, that is, mild temperate fully humid with hot summer. On the coldest months (June, July, and August), the average temperature is 8.9°C, and, on the hottest ones (January and February), the average temperature is around 29-30°C. The annual average rainfall is 1,445 mm (Bergamaschi et al., 2013) . The weather conditions during the experimental period are shown in Figure 1 .
The peach cultivar used was BRS Kampai, which is destined for the fresh market and is characterized by early ripening (first fortnight of November in the state of Rio Grande do Sul), white flesh, sweet taste, and low acidity (Raseira et al., 2010) . At the beginning of the treatments, in 2013, the plants were three years old.
The rootstock used was 'Capdeboscq', and the plants were spaced at 2.5x5.5 m, trained to a vase with four scaffold branches. The assessed treatments were: T1, heading of half of the mixed shoot; T2, heading of one third of the mixed shoot; T3, flower thinning in the pink bud stage; T4, thinning at full bloom (70% of open flowers); T5, thinning of fruit with 5 mm; T6, thinning of fruit with 20 mm; and T7, no thinning or heading (control). Thinning was performed selectively: on medium-sized shoots, four to five flowers or fruits spaced at 8 to 10 cm were left; and on thinner shoots, one to two flowers or fruits spaced at 12 to 15 cm were left. No fruits were left on mixed shoots, which had no leaves. The treatments were repeated on the same plants in the three evaluated years.
The experimental design was a completely randomized block with six replicates, with one useful plant per experimental unit. Cultural practices, such as fertilization, winter and summer pruning, chemical treatments, and weed control, were performed evenly in the entire orchard, according to the standards for the integrated production of peach (Fachinello et al., 2005) .
Fruit growth was evaluated in 2014 and 2015. For that, four shoots per plant were marked at the mid-section of each major branch, where the suture diameter of a total of eight fruits was measured using a digital caliper. There was an interval of about ten days between measurements.
In the three study years, fruit yield was obtained by weighing all fruits (kg) per plant at harvest, and average fruit weight was obtained by dividing production by the number of the fruits harvested per plant. After harvest, all picked fruits were ranked into four diameter classes: higher than 70 mm, very large fruits; between 60-70 mm, large fruits; between 50-60 mm, average fruits; and lower than 50 mm, small fruits (Raseira et al., 2014) .
Ten fruits per experimental unit were sampled for the physicochemical analysis. The background color of fruit epidermis was measured using the CR-400 colorimeter (Konica Minolta Sensing Americas, Inc., Ramsey, NJ, USA), calibrated on a white porcelain surface. Readings were taken on the fruit equatorial region, by setting the values of luminosity (L*), chroma in the red-green axis (a*), and chroma in the yellow-blue axis (b*), and calculating the hue angle (h°) and chroma angle (C*). The L* value ranges between 0 (absolute black) and 100 (absolute white); h° sets the color tone, in which angle 0° stands for red color, 90° for yellow, 180° for green, and 270° for blue; and C* indicates color saturation or intensity, in which 0 represents little saturation (Konica Minolta, 2007) . Flesh firmness was measured with an 8-mm tip bench penetrometer, at the equatorial cheeks of the fruit; the soluble solids content (SSC) was measured using a digital refractometer; and titratable acidity was obtained by titration with 0.1 mol L -1 sodium hydroxide, expressed as grams of malic acid 100 g -1 pulp. Data were analyzed as repeated measures using the Proc Mixed procedure of the SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA). Covariance structures were tested, and the one with a better adjustment to each variable was selected, according to the Akaike and Bayesian information criterion . The treatment × year interaction was considered significant by the F-test, at 25% probability (Perecin & Cargnelutti Filho, 2008) . When the F-test was significant, orthogonal contrasts were used as a complementation of the analysis of variance. The built orthogonal contrasts were: C1, control vs. heading and thinning (T7 vs. T1, T2, T3, T4, T5, and T6); C2, heading vs. thinning (T1 and T2 vs. T3, T4, T5, and T6); C3, heading of half of the mixed shoot vs. heading of one third of the mixed shoot (T1 vs. T2); C4, thinning of fruit with 20 mm vs. thinning of fruit with 5 mm and flower thinning (T6 vs. T3, T4, and T5); C5, thinning of fruit with 5 mm vs. flower thinning (T5 vs. T3 and T4); and C6, flower thinning at the pink bud stage vs. thinning at full bloom (T3 vs. T4). The contrasts were significant by the F-test, at 5% probability.
Results and Discussion
The thinning and heading treatments affected the fruit growth of the 'BRS Kampai' peach tree ( Figure 2 ). In 2014, the fruit growth behavior was as expected for peach fruits, according to Silva et al. (2013) . In this year, non-thinned plants showed lower fruit growth than those that had been thinned or headed, especially in the last assessment, which corresponds to stage III of growth. The heading of half of the shoot and of one third of the shoot led to a lower fruit growth, compared with the thinning treatments, which did not differ among themselves. No differences were detected between flower and fruit thinning times. In 2015, fruit diameter evaluations were performed late, during the stage III of growth ( Figure 3) . In this year, no difference was observed between the control and the average of treatments. Heading treatments again caused a smaller fruit diameter than the thinning ones, considering the average of the study period. Regarding thinning times, plants thinned at the pink bud stage induced lower fruit growth than those at full bloom.
In 2015, no differences regarding fruit growth were found between the control plants and those thinned or headed, which is possibly due to the similar yield between treatments (Table 1) . However, in the two evaluated years, heading treatments showed higher yield than the thinning ones, which led to a lower fruit growth. This result may be attributed to the fact that the heading treatments reduce the number of flower and vegetative buds on the plant, consequently reducing the number of leaves. The decrease in the amount of sink tissue should have increased fruit size, but it is possible that the number of leaves was not enough to sustain the fruit demand for carbohydrates. According to Gugliuzza et al. (2002) , the fruit position in relation to the leaves can also interfere with its growth, as the proximity between source and sink tissues allows maximum fruit growth. Therefore, thinning of flowers or fruits may provide an even distribution of fruits along the shoots, allowing better fruit growth than shoot heading. Yield per plant showed main effect for treatment and year, indicating that the differences between treatments occurred in the average of the year and between years in the average of the treatments (Table 1 ). The average yield of the three experimental years was higher in non-thinned plants (22.87 kg per plant), compared with those that were subjected to thinning or heading of shoots (16.27 kg per plant). It should be noted that the other treatments showed no significant differences.
Similar results were found in other peach thinning researches, in which thinned plants showed lower yield due to the reduced number of fruits per plant (Scarpare Filho et al., 2000; El-Boray et al., 2013) . According to Osborne & Robinson (2008) , thinning reduces plant yield; however, it also promotes a significant increase in the average fruit size, improving commercial value, which compensates yield losses. Fruit average weight showed significant treatment x year interaction, since fruit development was observed each year. In 2013 and 2014, non-thinned plants produced fruits with lower average weight than those of the other treatments (Table 1) . Besides, plants with headed shoots produced smaller fruits than those subjected to flower or fruit thinning during the evaluated years. In 2014, plants at the pink bud, full bloom, and 5-mm fruit stages, in the average of treatments, showed higher fruit weight than those thinned at the 20-mm fruit stage. Performing early thinning on the flowering stages may increase the final fruit size, which can be explained by a reduction in the initial carbohydrate competition (El-Boray et al., 2013 ). An increment of fruit average weight due to early thinning was also observed by Szot (2010) in apple (Malus domestica Borkh.) trees and by Cittadini et al. (2013) in cherry Prunus avium (L.) trees. In the present study, although the thinning treatments increased the average weight of fruits, it was not enough to match the yield of the control treatment. However, the high production verified in the control treatment may not result in greater profitability, because most fruits had no commercial value (Figure 3) . Therefore, shoot heading reduced fruit production per plant and only slightly increased fruit size. This shows that this practice should be complemented by the hand thinning of fruits to adjust the fruit load.
Fruit distribution by diameter class differed greatly between treatments (Figure 4 ). Non-thinned plants showed a low frequency of fruits in the 60 to 70-mm (large fruits) and in the > 70-mm (very large fruits) classes. Summed up, these classes represented a percentage of 17, 10.1, and 17.3% in the 2013, 2014, and 2015 crop years, respectively. A total of 49.0, 11.6, and 21.3% fruits with a diameter above 60 mm were produced in the treatment heading of half of the shoot, and of 38.6, 28.4, and 37.4% in the heading of one third of the shoot, in the 2013, 2014, and 2015 crop years, respectively. In regular thinning, when fruits were about 20 mm in diameter, the distribution of fruits in the classes above 60 mm was 70.4, 36.2, and 43.0%. When thinning was performed on young fruits (5 mm), the distribution was 81.1, 50.0, and 60.8% in the 2013, 2014, and 2015 crop years, respectively.
The increase in the fruit diameter of plants thinned during the flowering stage has been reported as the main benefit of this practice (Byers et al., 2003; Osborne & Robinson, 2008) . According to Szot (2010) , thinning of apple trees from the pink bud to the end of the flowering stage significantly increased T1, heading of half of the mixed shoot; T2, heading of one third of the mixed shoot; T3, flower thinning in the pink bud stage; T4, thinning at full bloom; T5, thinning of fruit with 5 mm; T6, thinning of fruit with 20 mm; and T7, no thinning or heading (control).
(2) F-test significant at 5% probability.
(3) F-test significant at 25% probability.
(4) C1, control vs. heading and thinning (T7 vs. T1, T2, T3, T4, T5, and T6); C2, heading vs. thinning (T1 and T2 vs. T3, T4, T5, and T6); C3, heading of half of the mixed shoot vs. heading of one third of the mixed shoot (T1 vs. T2); C4, thinning of fruit with 20 mm vs. thinning of fruit with 5 mm and flower thinning (T6 vs. T3, T4, and T5); C5, thinning of fruit with 5 mm vs. flower thinning (T5 vs. T3 and T4); and C6, flower thinning at the pink bud stage vs. thinning at full bloom (T3 vs. T4); contrasts are significant at 5% probability. the frequency of fruits with a diameter above 70 mm, which was related to the larger number of cortex cells in the fruits. In peach trees, thinning at full bloom by removing 50% of the flowers, followed by load adjustment at 42 DAFB, increased the percentage of fruit with a large diameter (≥ 62 mm), compared with the same thinning level performed only at 42 DAFB (Myers et al., 2002) . According to these authors, partial flower thinning promotes flexibility to manage certain risks, such as the variability of the fruit set and the occurrence of late frosts.
Regarding the other physicochemical characteristics, it was observed that flesh firmness was not affected by the treatments (Table 2) . SSC differed significantly in the 2013 and 2015 crop years. In 2013, fruits from the control treatment showed lower SCC (9.75 °Brix) than those of the other treatments (10.64 °Brix). Fruits from thinned plants showed higher SCC than those from plants headed in 2013 and 2015. In 2015, the highest SCC was verified in fruits from plants thinned at the flowering stage (11.42 °Brix). Titratable acidity, in 2015, was higher in the heading treatments than in the thinning ones; however, among thinning treatments, it was lower when fruits with a 5-mm diameter were thinned (0.39 g 100 g -1 ) than at the flowering stages (0.43 g 100 g -1
). The average values found are in alignment with those obtained for the BRS Kampai cultivar by Raseira et al. (2010) and Gonçalves et al. (2014) .
The differences in the physicochemical characteristics observed between seasons are due to variations in the meteorological conditions or to the different ripening stages at harvest. There was an increase in titratable acidity and a decrease in SCC in Table 2 . Flesh firmness, soluble solids content, and titratable acidity (TA) of fruits of 'BRS Kampai' peach (Prunus persica) tree subjected to heading of shoots and hand thinning of flowers and fruits, in the municipality of Eldorado do Sul, in the state of Rio Grande do Sul, Brazil. T1, heading of half of the mixed shoot; T2, heading of one third of the mixed shoot; T3, flower thinning in the pink bud stage; T4, thinning at full bloom; T5, thinning of fruit with 5 mm; T6, thinning of fruit with 20 mm; and T7, no thinning or heading (control).
(2) F-test significant at 25% probability.
(3) C1, control vs. heading and thinning (T7 vs. T1, T2, T3, T4, T5, and T6); C2, heading vs. thinning (T1 and T2 vs. T3, T4, T5, and T6); C3, heading of half of the mixed shoot vs. heading of one third of the mixed shoot (T1 vs. T2); C4, thinning of fruit with 20 mm vs. thinning of fruit with 5 mm and flower thinning (T6 vs. T3, T4, and T5); C5, thinning of fruit with 5 mm vs. flower thinning (T5 vs. T3 and T4); and C6, flower thinning at the pink bud stage vs. thinning at full bloom (T3 vs. T4); contrasts are significant at 5% probability. fruits of plants subjected to shoot heading, which can also be related to different ripening stages. In the same way, the higher SCC and lower titratable acidity found in fruits of thinned plants may be explained by the advanced ripening at the floral stages, in comparison with the young fruit stage (5 mm).
The reduction in titratable acidity during the ripening stage occurs because the organic acids are degraded, increasing the phosphoenolpyruvate levels, which activate the gluconeogenesis route and increase sugar accumulation (Etienne et al., 2013) . Differences in the SCC among different thinning times can also be attributed to the sink/source proportion. The sugars of peaches, mainly sucrose, increase rapidly during the plant's development (Desnoues et al., 2014) . With it, the early adjustment of the number of fruits per plant can increase final sugar accumulation due to the reduction in the number of sinks.
The color of fruit epidermis, in 2013, did not differ significantly between treatments (Table 3 ). The value of h°, measured on the shaded side of the fruit, varied from 91.6 to 95.7°, showing a yellow to slightly greenish color. In 2014, the fruit color tonality did not differ between treatments, with an average h° value of 92.6°. The fruits from plants thinned at the full bloom stage showed a higher C* value and a lower L*, i.e., had a darker and more intense coloration, when compared with plants thinned at the pink bud stage. In 2015, in general, the fruits showed more reddish coloration than in the other years, with h° ranging from 66.9 to 79.8°. A significant difference in the L*, C*, and h° values was observed only between thinning in the pink bud and full bloom treatments, in 2014 and 2015. However, the difference between these treatments varied among years.
According to Ferrer et al. (2005) , background coloration is a good ripening and harvest time index for peach. In the present study, background coloration did not differ between treatments or the differences were nonsignificant, which shows that the external ripening of fruits was not affected by the treatments.
The obtained results are an indicative that the 'BRS Kampai' peach tree can be thinned early, starting at T1, heading of half of the mixed shoot; T2, heading of one third of the mixed shoot; T3, flower thinning in the pink bud stage; T4, thinning at full bloom; T5, thinning of fruit with 5 mm; T6, thinning of fruit with 20 mm; and T7, no thinning or heading (control).
(3) C1, control vs. heading and thinning (T7 vs. T1, T2, T3, T4, T5, and T6); C2, heading vs. thinning (T1 and T2 vs. T3, T4, T5, and T6); C3, heading of half of the mixed shoot vs. heading of one third of the mixed shoot (T1 vs. T2); C4, thinning of fruit with 20 mm vs. thinning of fruit with 5 mm and flower thinning (T6 vs. T3, T4, and T5); C5, thinning of fruit with 5 mm vs. flower thinning (T5 vs. T3 and T4); and C6, flower thinning at the pink bud stage vs. thinning at full bloom (T3 vs. T4); contrasts are significant at 5% probability. the flowering stage, showing a similar behavior to that under conventional thinning (20-mm fruit). This expands the optimum period to perform hand thinning, increasing fruit size, with no changes in physicochemical characteristics. However, shoot heading, with no additional hand thinning, was inefficient.
Conclusions
1. Non-thinned 'BRS Kampai' peach (Prunus persica) trees show greater production, but smaller fruits.
2. Thinning during flowering and at the beginning of fruit growth increases fruit size.
3. Shoot heading reduces plant production, but does not significantly increase fruit size.
